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Abstract 
Dry Wire Electrical Discharge Machining (WEDM) is a newly developed technology that uses gases as dielectric and is in favor of 
environmental protection. Dry finishing of WEDM offers advantages such as better straightness, lower surface roughness and 
shorter gap length. Experimental studies show that the machining behaviors in dry conditions are quite different from those in 
conventional liquid dielectric. In order to explore the processing mechanism of dry WEDM, this paper studies the single pulse 
discharge mechanism in gas with finite element method. In order to obtain the crater morphology with edge raised, the fluid field 
was simulated by ANAYS on the basis of thermal analysis of a single pulse generated by the instantaneous discharge in gas. 
© 2013 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of Professor Bert Lauwers  
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1. Introduction 
Dry Wire Electrical Discharge Machining (WEDM) 
is a newly developed technology that uses gases as 
dielectric and is in favor of environmental protection. 
Dry finishing of WEDM offers advantages such as better 
straightness, lower surface roughness and shorter gap 
length. Experimental studies show that the machining 
behaviors in dry conditions are quite different from those 
in conventional liquid dielectric. It is lacking in 
theoretical explanations for many new phenomena in dry 
WEDM [1-3]. In order to provide a theoretical basis for 
experimental studies of dry WEDM, it is necessary to 
study the discharge mechanism of single pulse in dry 
EDM. 
The finite element method (FEM) is an effective way 
for exploring single pulse discharge mechanism. On the 
basis of the thermal field simulation, this paper 
attempted using ANSYS to do fluid field analysis. 
Throwing characteristics of molten metal in discharging 
were studied and the size and morphology of a crater 
were obtained. 
 
2. Modeling of Single Discharge 
2.1. Heat transferring model 
During the process of EDM the distribution of Gauss 
heat source is the most similar to the actual situation 
with the expansion of the plasma. Fig.1 shows the 
distribution of the heat source. The distributional 
function of Gauss heat flux 
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Where k is centralized coefficient of heat flux; r [cm] 
is distance between the center of heating spots and point 
A; rH [cm] is radium of heating spots in the discharge 
channel;  is energy distribution coefficient; U [V] is 
discharge voltage; I [A] is peak value of discharge 
current. 
In order to reflect the actual temperature distribution 
of electrode material basing on the Gauss distribution of 
surface heat source model, the radium formula about 
discharge channel of EDM obtained by optimal analysis 
should be used [4]. 
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2.2. Physical Modeling 
Part of the molten material will be thrown out, and 
molten material of crater center was protruded to crater 
edge .The crater morphology as shown in Figure 2[5]. 
Fig.3 is the physical model of single discharge. The 
discharge occurs in gas and there are three zones 
affected by the high heat of discharge channel, as 
gasification zone, melting zone and heat affected zone. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.3.    Mathematical Modeling 
EDM is an extremely complex heat transfer. The heat 
induces melting and a partial evaporation of the cathode 
and anode surface, which is transmitted form of the high 
temperature plasma channel. With the enthalpy method 
to solve the problem of latent heat [6].Differential body 
of electrode material is analyzed based on energy 
conservation and Fourier heat conduction law, heating 
due to a single spark is assumed to be governed by the 
following thermal diffusion differential equation [7]. 
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; 
Q is volumetric heat source inside electrode; and there 
is cp/ , where  is thermal conductivity, c is 
 is material density. 
Since the effect of volumetric heat source in 
discharging can be neglected, Q is zero. While thermal 
properties of electrode material are assumed as all to 
the uniform, temperature distribution is symmetry to z-
axis, and there is  
    0T . So Equation (3) can be simplified as 
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2.4.    Vapor pressure and temperature 
In the electrical discharge machining, the workpiece 
is evaporated and removed by the heat of plasma. In the 
previous study the heat of machining was thought 
without considering the evaporating latent heat [8]. 
However, that is inaccurate. The evaporating pressure 
can be predicted if the evaporating temperature is 
predicted considering the latent heat. The evaporating 
pressure (Fig.4) worked as a plasma pressure and 
pushed up the molten metal. 
Provided that the plasma pressure distribution is 
equal to the Gaussian distribution alike the heat source, 
it can be said that 
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The peak pressure of the melted region was assumed 
as the constant because the highest temperature in the 
Fig.3. The physical model of single pulse spark discharge in gas 
Molten melt drops 
Vaporized area 
Molten area 
Heat transfer area  Discharge gap 
Tool electrode 
Workpiece 
The cross-sectional shape of craters 
 
Fig.2 Discharge trace model diagram 
The radium of discharge channel 
Fig.1 The distribution of the density of heat flux in discharge channel 
The electrode surface location 
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2.5.   Molten pool deformation by pressure 
After removing the workpiece over than the 
evaporating temperature by the thermal analysis, the 
plasma pressure is worked. The upper part is melted 
and the lower part is solid by the gradient of the 
temperature. The melted regions are axis-symmetric 
because the temperature analysis was performed 
symmetrically. The melted region is incompressible.  
Viscous incompressible axisymmetric flow equations 
are shown as following [9] 
(a) Equation of continuity 
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(b) Navier-Stokes equations 
z z
2 2
2 2 2
2 2
z z z
z 2 2
1 1
1 1
R R R R R R R
R
z
R z
q q q q q q qpq w
t R z R R R R R z
q qq q q qpq q g
t R z z R R R z
(8) 
 
Where qr is radial direction velocity, qz is z-direction 
velocity; gz is z-direction gravity,  is dynamic viscosity. 
For most liquid metals the variation of viscosity with 
temperature T [K] may be written 
 
     
0= exp /E RT                                        (9) 
 
Where and E are constants and R is gas constants, as 
8.3144 JK-1[10]. 
2.6.   Boundary and initial conditions  
The thermal filed in discharging is transient. The initial 
temperature should be taken as that of the start point for 
calculating thermal conductivity (t=0).  
    
0( , , , )T r z t T                                            (10) 
Energy transferred to the workpiece as heat input 
serves as the thermal boundary condition on the top 
surface. A small cylindrical portion of the workpiece 
around the spark is used as the domain. The workpiece is 
submerged in dielectric. The heat flux is modeled at the 
discharge point, and at the adjacent is surface 
exchanging heat, while at further distances there is no 
heat transfer across them. 
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Where r is the radius of discharge channel, q(r) is heat 
flux, tk is discharge duration. 
3.     Simulation with ANSYS 
3.1.    Simulation condition and procedure  
At first, the thermal analysis was performed when 
the electrical discharge machining conditions and the 
material properties were given. The heat flux of the 
Gaussian distribution was applied to the workpiece. The 
heat flux intensity varied with discharge gap current 
trace and the    diameter of plasma.  
In fluid analysis, temperature distribution which was 
calculated in thermal analysis was applied as load. 
Simultaneously, the plasma pressure in the Gaussian 
distribution was applied. The molten material 
consequently would be protruded up to crater edge.  
The material properties should be defined in the 
Fig.4. Change relation of vaporized pressure and 
temperature  
9000 
 Temperature [K] 
 Pressure [bar] 
    10000 
3000 
Temperature 
T( ) 
25 227 427 627 755 827 1227 1485 1536 2643 2750 2862 
Heat conductivity 
(W/m- ) 
48 46 41 35 25 26 29 29 29 29 29 29 
Specific heat 
(J/Kg- ) 
445 529 615 825 1064 827 652 660 780 820 830 830 
ENTH 
(109J/m3) 
0 1.21 1.68 2.76 4.02 4.29 6.50 7.00 10.3 15.6 17.2 18.9 
Table 1 Material Properties of 45 steel 
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Matrix 
Protruded area formed  
by melted material 
Fig.7 The fluid simulation of electric erosion surface 
by single pulse discharge 
preprocessor of the numerical simulation using 
ANSYS. Table 1 shows the physical parameter of 45 
steel. PLANE 55 elements were applied in thermal 
analysis, and Fluild79   elements were applied in fluid 
analysis. 
3.2    Results and Discussion 
Fig.5 shows the temperature distributions on 
workpiece at the end of pulse in gas with ANSYS, in 
which discharge peak current is 3A, and pulse duration 
is 24 In the figure the maximum temperature 
(8756K) appears at center of spark location.  
By setting processing options, the melting 
temperature and boiling temperature range of a crater 
side part can be derived, while the crater radius and 
depth of information can be simulated (Fig. 6).  
Fig.7 shows the displacement of molten layer by 
plasma pressure. Applied pressure was Gaussian shape 
with the same diameter as heat source. Because of 
plasma pressure, molten material of crater center was 
protruded to crater edge. The overlapping of protruded 
crater makes surface roughness.  
In addition, under the same discharge current and 
pulse duration, temperature field distributions for the 45 
steel in gas and kerosene are compared. The simulation 
results show that thermal filed distribution in kerosene is 
smaller than that in gas, and depth-diameter ratio of the 
crater in kerosene is larger than that in gas owing to 
relative concentration of discharge energy. The crater 
generated in the gas is larger in diameter and smaller in 
depth, and that is the main reason for better surface 
roughness in dry finishing. The above mentioned results 
are similar to those of our research laboratory with other 
kind of workpiece material [11]. 
 
 
4. Conclusion 
Through the thermal field analyzing by FEM, the 
radius and depth of the crater in gas generated by single 
pulse can be simulated. 
In fluid analysis, temperature distribution calculated in 
thermal analysis was applied as load. Molten part was 
uplifted by the plasma pressure, while assuming that the 
molten part is the incompressible viscous flow. The 
crater surface morphology with the raised edge can be 
obtained. 
Under the same discharge current and pulse duration, 
temperature field distributions for the 45 steel in gas and 
kerosene are compared. The simulation results show that 
the crater generated in the gas is larger in diameter and 
smaller in depth, and that is the main reason for better 
surface roughness in dry finishing.   
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